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The sewage treatment sludge after being composted has been suggested as a soil conditioner.
In this study, the changes in components and microflora of the sludge during the composting process were examined. The organic matter and water content decreased during composting.
Achromobacter sp. were abundant in the raw material, but decreased gradually , while Bacillus sp. increased.
The composting did not decrease viable bacteria or coliform groups.
The effects of composting on pathogenic bacteria were not clear. These findings suggested that the decrease of organic matter, water content, and the changes in microflora could be useful indexes of the composting condition.
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With the extension of sewage systems, the amounts of sludge generated by sewage treatment (sewage treatment sludge) have been increasing. The treatment and disposal of sludge is becoming a serious public concern (Ministry of Construction Sewerage and Sewage Purification Department, 1995) . As a solution, the use of the abundant organic matter in the sludge as a soil conditioner has been suggested. There have been many reports on sludge disposal concerning the composting of waste treatment (Anonymous, 1980) , energy usage and recovery (Jones and Bomberger Jr., 1977a, b, c) , process engineering (Haug and Haug, 1978) , material balance (Fujita, 1980; Kubota, 1980) , maturity evaluation (Sewage Treatment Sludge Resource and Reuse Council, 1980; Spohn, 1978) , and agricultural usage (Matsuzaki and Wachi, 1982) . However, there have been few reports concerning changes in microflora during the composting process (Kaneko, et al., 1989; Nakasaki, et al., 1991) , and many problems remain to and observation were made daily for changes. During the experimental period, the sludge was cut and turned by turning over the reactor at intervals according to the composting temperature. The sludge in the reactor was extracted carefully on the 2nd day, 8th day, and at the end of the experimental period, using a clean disposable bag to prevent contamination. Water content, ignition loss, pH, BOD, and oxygen uptake were investigated. The sludge was diluted with water, and BOD, pH, and oxygen uptake were measured by standard methods used for the examination of sewage (Japan Sewage Works Association, 1987) . The composting temperature was continuously determined by using a resistance thermometer. Carbon dioxide and ammonia in the exhaust gas were analyzed by gas chromatography and a gas inspection tube detector (once every 1-4 d), respectively. The dominant microflora were investigated. Sludge was cultivated in nutrient broth medium (Difco) , and then shaken in aerobic conditions at 15, 35, 45, and 65°C for 48 h, respectively. The dominant microflora at each cultivation temperature was then selected from each composting stage, and their genera were roughly determined. Aerobic gram positive rods (Achromobacter sp.) were determined by biochemical characteristics (Weaver et al., 1984) , gram negative and glucose non fermenting bacteria (Bacillus sp.) were determined using an API 20 NE kit (bio Merieux) , and the number was counted using an agar plate dilution method. The viable bacteria, coliform group bacteria, and pathogenic bacteria were investigated in the samples of raw material and at the end of the experimental period. The viable bacteria and coliform group bacteria were determined and counted using standard method agar (Nissui) and desoxycholate agar (Eiken) , respectively. Pathogenic bacteria were cultivated and genera were determined using individual selective-separative media : brilliant green agar (Eiken) for salmonella groups, CW agar base (with kanamicine) for Clostridium sp., SS agar for Shigella spp., DHL agar (Eiken) for typhoid bacteria, and TCBS agar (Eiken) for vibrio group bacteria.
The changes in the composting temperature are shown in Fig. 2 . A composting temperature of 63 °C was observed from the 2nd day for 1.5 d. However, the temperature remained high for only a short period, and it decreased gradually, suggesting that the sludge may not have been turned sufficiently just by turning over the reactor. Bacillus sp., being thermophilic aerobic bacteria, increased suddenly. Therefore, when thermophilic aerobic bacteria, having high oxygen consumption activity, became dominant, oxygen uptake increased gradually. There was a time lag between oxygen uptake and microbe growth. Oxygen uptake stabilization has been suggested as a useful index of composting condition (Eckenfelder Jr. and O'Connor, 1961; Fujita, 1980; Kubota, 1980; Sewage Treatment Sludge Resource and Reuse Council, 1980) . Dominant bacteria at each composting stage were cultivated and their genera and numbers were determined under the specific conditions mentioned above. As shown in Fig. 4 , Achromobacter sp. and Bacillus sp. multiplied vigbrously at each composting stage. When cultivated at low or moderate temperatures, Achromobacter sp. was dominant [106-109 colonyforming units (cfu) /g dry solid (DS) ] in the raw material and composting peak sludge. Achromobacter sp. and Bacillus sp. were dominant (104-108 cfu /g DS) in the sludge after the composting peak and in the end product. When cultivated at moderate or high temperatures, Achromobacter sp. and Bacillus sp. were dominant (105-108 cfu /g DS) in the raw material. However, Bacillus sp. were always dominant (105-108 cfu /g DS) in the stage after the composting peak. Consequently, thermophilic and spore-forming bacteria tended to increase with composting. These results suggested that the changes of microflora are useful indexes to characterize the composting condition. There were many dominant aerobic bacteria and a few anaerobic bacteria, such as Pseudomonas sp., Alcaligenes sp., and Flavobacterium sp., but few fungi and actinomycetes in sewer sludge (Kaneko et al., 1989; Nakasaki et al., 1991) . Microflora in the mature composting product resembles that in paddy or field soil (Kaneko et al., 1989; Nakasaki et al., 1991) . However, these conditions were not examined in the primary composting stage due to the shortness of this period.
As an index of pathogenic bacteria, viable bacteria and coliform groups were counted. Viable colonies were counted in a range of 106-10' cfu /g DS, and the number did not change during the experimental period. At peak composting stage, psychrophilic bacteria and methophilic bacteria decreased, and thermophilic and heat-resistant bacteria increased. The thermophilic or heat-resistant bacteria may have increased, or spore-forming bacteria may have existed at the high composting temperature. Therefore, the total number of viable bacteria was thought to remain unchanged. Similarly, the number of coliform group bacteria was 103-105 cfu /g DS, without notable change.
However, the number of the salmonella group was 0-10 cfu /g DS in the raw material and less than 2 cfu /100g DS in the product, Clostridium sp . was 104-105 cfu /g DS in both the raw material and the end product, and did not show marked decrease. Shigella spp., typhoid bacteria, and vibrio group bacteria were not detected from the sludge at any composting stage. These findings did not clarify the possibility of inactivation or prevention of the growth of pathogenic bacteria by composting.
The changes in sludge components and microflora during the sewage treatment sludge composting were examined, and, as a result, the decrease of organic matter, water content, and the changes in microflora may be useful indexes of the composting condition.
